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HIGH-ENERGY PHYSICS AT JINR/RUSSIA
V.G. Kadyshevsky
Abstract
The current status of JINR HEP performance in cooperation with Russia is
presented. The form of presentation was chosen in such a way as to have
the lecture serve as reference material.
1 . HEP ACTIVITY AT JINR
The subject of my lecture is traditional for a school like the present one. At previous schools,
HEP research carried out in JINR/Russia was described by Professor Alexei Sissakian, Vice-
Director of our Institute.
Many things Alexei spoke about have not yet become obsolete. Therefore, I shall talk about
recent activities of the last year or two. If anyone wishes to learn more about HEP activity in
JINR/Russia over a longer period of time, I recommend the lectures by A. Sissakian.
What is high-energy physics? It is ridiculous to put this question to students of the European
School on HEP almost at the end of it. However, perhaps not all of you know Leon Lederman’s
definition of HEP. “High-energy physics rests on three ‘pillars’: experimental physicists,
theoretical physicists and accelerator physicists. These three specializations make a remarkable
combination. Experts in accelerators construct accelerators. Experimentalists use them to obtain
experimental data. Theorists look at these data and exclaim: ‘Oh God, we need new accelerators!’
And a new cycle starts ...”
Professor Abdus Salam, considering the same theme, pointed out that at the beginning HEP
was driven by a troika which consisted of 1) theory, 2) experiment, and 3) accelerator and
detection-devices technology. Later, two more horses were added to this troika: 4) an early
cosmology describing the Universe starting from 10–43 s after its origin till the end of the first three
minutes and 5) pure mathematics.
I am sure that all ‘Salam horses’, except perhaps pure mathematics, have already been
demonstrated at schools in this hall. I know very well that investigations on HEP, carried out in
JINR/Russia, are represented by the whole pentadriga (this time, a horse like mathematics cannot
be ignored because both in JINR and Russia mathematically minded theorists form rather a large
community and their authority in the world is great).
In this connection, I cannot neglect the opportunity to mention a herd of real horses, bred in
Dubna by Tito Pontecorvo (the son of Prof. Bruno Pontecorvo). The herd has 200 pure-bred
Akhaltekin horses. This is one of the brilliant sights of Dubna.
Before I start to characterize the activity of JINR in HEP during the last couple of years I
would like to show briefly the main facilities of our Institute.
1 . 1 Reactors and accelerators
The main fields of investigation in the Institute are theoretical physics, elementary particle
physics, relativistic nuclear physics, physics of low and intermediate energies, heavy-ion physics,
radiobiology and radiative medicine, experimental instruments and methods.
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The major facilities of the Institute for experimental research are the synchrophasotron,
phasotron, U-200, U-400 and U-400M cyclotrons, IBR-30 and IBR-2 neutron reactors (see
Figs. 1–5).
Figure 1: Pulsed reactor IBR-2 with
neutron flux 1016 n/cm2  s
Figure 2: Heavy-ion cyclotron U-400M
Figure 3: Superconducting synchrotron ¾
nuclotron ¾  for nuclei and heavy ions up
to 6 GeV/n
Figure 4: 680 MeV proton accelerator
Figure 5: Synchrophasotron — 10 GeV proton and light nuclei accelerator
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Facility under construction
IREN Intense resonance neutron source optimized to carry out
investigations with resonance neutrons.
Project
C-tau factory Accelerator complex to comprise an electron–positron collider
with a multi-purpose detector.
1 . 2 Educational programme
1994 marked the opening of the International University ‘Dubna’. Its integral part is the
JINR Training Centre which offers educational programmes in the following fields: high-energy
physics, nuclear physics, nuclear methods in condensed-matter physics, applied physics, and
radiobiology.
2 . RECENT ADVANCES IN THE JINR PARTICIPATION IN THE LHC:
IMPLEMENTATION OF THE RESEARCH PROGRAMME
For JINR it is of highest priority to participate in the long-term research programme at CERN
where we contribute to ATLAS, CMS, ALICE and collider construction activities. As to the
physics aspects of the LHC programme and the main features of the above-mentioned excellent
detectors, they are widely reported and commonly accepted as scientific goals of principal
significance. Therefore I shall highlight the main results recently achieved by JINR together with
Russian research centres.
2 . 1 The ATLAS experiment
A rather large Dubna group is now actively involved in ATLAS at JINR with
N. Russakovich as contactman. Russian group work for ATLAS is conducted with A. Zaitsev
(IHEP, Protvino) as a spokesperson.
The most significant Dubna result was undoubtedly the successful assembly in Dubna of the
very first (of 64) full-sized (6 metre, 20 ton) Hadron Barrel Tile Calorimeter Module.
The Module components (‘submodules’), auxiliary tooling, and high-precision measurement
devices were manufactured by CERN, Dubna, Barcelona, Prague, Pisa, Bucharest, ANL,
Protvino, Bratislava and sent to JINR for final assembly. The laser cutting of absorber steel plates
was performed by Universalmash (St Petersburg) in cooperation with the JINR Shatura Laser
Centre with the help of Minsk laser experts (Belarus).
The unique module was delivered to CERN and now is passing the beam test. It was
evidently a bright manifestation of successful cooperation between the international scientific
community and industry.
Also to be mentioned:
- JINR (with the participation of the Lebedev Moscow Physics Institute) has designed and
assembled the first prototype (»  1.5 ton) liquid argon calorimeter. The parameters achieved are
better than those for similar detectors assembled by other groups.
And finally:
- JINR has started the preparation of very large workshop areas for a massive drift tube
production in efficient cooperation with IHEP (Protvino) and industry.
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Needless to say, JINR physicists are active in the ATLAS physics programme development
simulation and have started active participation in the ATLAS detector prototype test-beam data
analysis.
A new phenomenon in the Dubna research programme is the participation of JINR Nuclear
Reactor groups in HEP detector and materials radiation-hardness studies.
Figure 6 shows the very first full-sized ATLAS Tile Calorimeter module assembled on the
7 m (in diameter) rotating table of the boring-shop machine. The photograph was taken a few days
before the module was sent to CERN.
Figure 6: ATLAS Tile Calorimeter module, assembled in Dubna
2 . 2 Russia and Dubna Member States (RDMS) CMS Collaboration
The Russia and Dubna Member States (RDMS) CMS Collaboration (V. Matveev as chairman
and I. Golutvin as spokesperson) has decided to concentrate most of its efforts on the design,




Forward muon station MF1.
- Responsibility shared with non RDMS institutions:
Electromagnetic calorimeter based on PbWO4 crystals
Preshower of electromagnetic calorimeter
Very forward calorimeters
MSGCs for central tracker





This contribution relies very much on the extended involvement of Russia and Dubna
Member States’ industries.
2.2.1 Hadron calorimetry
- In collaboration with other RDMS institutions the MARK-1 ‘hanging file’ hadron calorimeter
prototype was built and tested at CERN with different configurations in a 3 Tesla magnetic
field with high-energy muons and pions.
- Monte Carlo simulation of the hadron calorimeter is now well understood.
- Experimental results are in good agreement with simulation and meet CMS requirements.
- A preproduction hadron calorimeter prototype is under design and must be constructed and
tested by the end of 1997.
- Mass production should start in 1998.
2.2.2 Muon detection
- The small saggita of a high-momentum muon event in a strong solenoidal magnetic field
requires a very precise position measurement at the level of 75 m m by large-area muon
detectors.
- A very high particle background rate at high LHC luminosity requires a very fast muon detector
with high timing resolution at the level of a few nanoseconds.
The high performance of the MF1 Detector has been achieved for the first time. New
technology for high-energy muon detection was developed in Dubna.
Figure 7 shows an example of a result from a large R&D programme with Cathode Strip
gaseous Chambers (CSC).
Figure 7: Precise muon detection with spatial resolution of 50 m m per layer (bunch crossing
capability with time resolution of 2 ns per station)
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2.2.3 Integrated test
The most important result of the R&D effort is the implementation of the JINR proposal for
the end-cap integrated test.
A combined integrated test of end-cap prototype detectors, constructed by the RDMS




13 crystals of PbWO4 (28 X0, 1 l ).
- Preshower of electromagnetic calorimeter
2 planes (X and Y) of Si strip detectors, size 6 · 6 cm2, strip = 2 mm (1st after 2 X0, 2nd
after 3 X0).
- Hadron calorimeter
Hanging file copper/scintillator prototype with 3 ·  3 towers and 22 · 22 cm2 scintillator
plates (11 l ).
- Muon forward station based on cathode strip chambers
Cathode strips are radial (strip = 2.4 mrad); anode wires are inclined to cathode strips with
Lorentz angle (24.8° ).
The integrated test gave a rich experimental data for detector performance in a strong
magnetic field, for studies of detector correlation responses and further trigger simulation, radiation
environment, detector optimization, end-cap integration, etc.
I must also mention the significant achievement of our IHEP (Protvino) colleagues: in
cooperation with Russian industry they have manufactured quite new heavy crystals for high-
precision energy measurements at large fluxes.
2 . 3 The ALICE experiment
























665 Physicists & Engineers
  26 Countries                               (56% from CERN MS)
  67 Institutions
Figure 8: ALICE Collaboration
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2.3.1 JINR in ALICE
JINR participation (with A. Vodopianov as spokesperson) covers different areas in design,
simulation, and construction.
Contribution:
- Particle Identification Detector (PID):
 Time-of-flight System Þ  Pestov Spark Counters
Complicated design and operation
Excellent time resolution (s  »  35 ps) reached in the 1995 CERN Pb-beam tests of prototypes
1.5 m2 array will be built in 1997 (partly at Dubna) for the NA49 experiment at CERN to
gain operating experience
Tests for an optimization of the counter design.
- Very large superconducting dipole magnet for dimuon arm spectrometer:
Central field: B = 0.75 Tesla
Inner bore diameter is 4 m
Length is 5 m; weight is 800 t.
- Simulation of six-layer silicon inner tracking system
- Neural network track reconstruction software in the high-multiplicity environment
- Physics studies:
f  fi  e+e–, K+K– production
Study of structure functions via Dilepton pairs
Strangeness production.
2.3.2 Russia in ALICE
Contribution:
Russian contribution (with V. Man’ko as contact person) to relativistic nuclear physics is
concentrated on the following directions:
- Photon Spectrometer (PHOS) covers 18 m2:
36 608 lead tungstate scintillating crystals (PbWO4) of size 2.2 ·  2.2 · 20 cm3
Readout by photodiodes
Very good energy resolution expected:
s E/E = 3%Ö E ¯  3%/E ¯  1%
- Inner Tracking System (ITS) equipped with six layers of silicon detectors:
Ultra-light carbon fibre space frame
Water and freon cooling system of Si detectors
- Particle Identification Detector (PID):
Time-of-flight System Þ  Pestov Spark Counters
Electronics
Glass electrodes
Time-of-flight System Þ  Parallel Plate Chambers as the fallback solution because:
Time resolution: s  »  190 ps
- Forward Multiplicity Detector (FMD)
Micro channel plate detectors
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The results which will be obtained from the high-energy heavy-ion experiments such as
ALICE are of major significance for the understanding of fundamental questions about:
the early Universe
neutron star formation and
the quark–gluon plasma (see Fig. 9).
Figure 9: Phase diagram of matter
- Cosmology t »  10–5
 
s, T »  200 MeV
Þ  density fluctuations during QCD phase transition nucleosynthesis/dark matter/large scale
structure.
- Astrophysics
Þ  compressibility of matter neutron stars/supernovae.
- Nuclear physics
Þ  equation of state of matter
Þ  collective phenomena (hydrodynamics)
Þ  in medium effects.
- High-energy physics
Þ  symmetry breaking mechanisms
Þ  origin of (constituent) masses.
2 . 4 DIRAC (Dimension Relativistic Atomic Complexes)
Experiment PS212, approved 8 February 1996
Status: Preparation, beam T8
Beginning of measurements: 1998
Spokesman: L. Nemenov
Contactman: M. Ferro-Luzzi
The proposed experiment aims to measure the lifetime of p +p – atoms in the ground state with
10% precision, using the 24 GeV/c proton beam of the CERN Proton Synchrotron. As the
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predicted value of the above lifetime t  = (3.7 –  0.3) · 10– 15 s is dictated by a strong interaction at
low energy, the precise measurement of this quantity enables one to determine a combination of S-
wave pp  scattering lengths to 5%. These scattering lengths have been calculated in the framework
of chiral perturbation theory and values predicted at the same level of accuracy have, up to now,
never been confronted with accurate experimental data.
Such a measurement would submit the understanding of chiral symmetry breaking of QCD to
a crucial test.
3 . JINR AND THE FNAL TEVATRON
- Over the next ten years the FNAL Tevatron will represent a unique source of new physics
information of primary significance for further development of the fundamentals of theory.
This is the first reason for the JINR scientific community’s participation in the Tevatron
programme with RUN-2 starting in early 1999.
- The second reason is a possibility for JINR scientists and engineers to accumulate — prior to
the start of LHC operation ¾  practical knowledge in hadron TeV physics (detector design and
construction, beam test, physics analysis).
- This is why the JINR Directorate and JINR physicists have had for the last few years quite
intense contacts with FNAL colleagues to formulate the common fields of interest in the
forthcoming Tevatron RUN-2 CDF, D0 and MINOS research programmes. The general
leadership of JINR-FNAL cooperation belongs ¾  in JINR ¾  to A. Sissakian and
N. Russakovich.
- Therefore a ‘Tevatron-to-LHC’ philosophy is a quite natural strategy to use to proceed to XXIst
century HEP.
3 . 1 CDF
The approved E-830 (CDF Upgrade) is planning to start RUN-2 with greater than
1032 cm– 2 s– 1 luminosity and bunch spacing as small as 132 ns (400 ns currently).
The Upgraded CDF physics possibilities are quite rich:
Top-quark physics B-physics
Electroweak physics Exotic physics
QCD measurements Unexpected/Unknowns
Probably the shortest definition of the new luminosity level UPGRADED CDF programme
would be: ‘from top search to top physics’.
- The JINR contribution (J. Budagov as contact person) to the CDF Upgrade and research
programme is:
Intermediate silicon layer tracker including extension of current Dubna–Pisa radiation
resistance studies to silicon detectors.
New muon scintillator trigger counters in cooperation with Pisa and ANL.
Help to integrate new systems into full detector at FNAL.
The physics analysis of accumulated statistics (search for more top events) and preparation
for newly expected high-statistics data analysis.
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3 . 2 JINR participation in the upgrade project of the D0 experiment
Institutes of USA - FNAL
Status:
FNAL-JINR Memorandum of Understanding was signed on 26 May 1995.
FNAL-JINR Agreement specifying budget and responsibilities of both parties was signed on
19 June 1996 (G. Alexeev ¾  contact person).
JINR participation:
Upgrade of forward/backward muon system.
Design and mass production of Iarocci tubes: 6000 units (based on DELPHI experience:
25 000 tubes).
Design and mass production of front-end electronics: 48 000 channels (amplifier–discriminator).
Joint study of physics at 1.8 TeV.
Main results in 1995–1996:
The prototype detector was installed in the D0 collision hall and tested.
The neutron and gamma detectors were installed in the D0 collision hall and data of low-energy
Tevatron background were taken.
Technology for mass production of the detector’s components has been developed for many of
them, preproduction has started.
Preproduction of front-end electronics has started.
Full-scale detector prototype is under construction in JINR.
Expected results in 1997:
Beam test of full-scale prototype.
Comparison of background measurements with Monte Carlo calculations.
Finalization of mass production technology.
Finalization of front-end electronics ASIC chips design.
Start of mass production.
Definition of physics tasks for Dubna team.
3 . 3 MINOS
The name of this experiment is an abbreviation of ‘Main Injector Neutrino Oscillation
Search’.
The main goal of the MINOS experiment is a search for oscillations between different
neutrino species. The neutrino oscillation phenomena is certainly one of the most interesting and
intriguing ideas in high-energy physics. It is deeply connected with the question of neutrino mass.
Collaboration: many centres from the USA, UK, China, Russia and (since 1995) JINR
(G. Mitselmakher and A. Olshevsky ¾  contact persons).
MINOS data-taking scheduled for 2001.
At present: R&D stage ¾  choosing and optimizing detector technology.
Dubna is strongly involved in the Streamer Tubes and Scintillators R&D.








Figure 10: Search for neutrino oscillations. Shooting a n -beam from Fermilab to Minnesota
4 . RHIC (BNL, USA) AGREEMENT: BNL–JINR
STAR
The STAR detector for use with the collider of heavy ions and polarized protons (RHIC) is under
construction.
JINR is participating in the research of the spin structure of nucleons and nuclei fi  checking
QCD.
JINR fi  R&D + construction of end-cap electromagnetic calorimeter; research with
electromagnetic calorimeter.
Main results in 1995–1996:
Test work at Nuclotron-SPH.
Design of 30° -module of end-cap + model of this module.
Construction of compact light receiver for maximum shower detector.
5 . COOPERATION AGREEMENT BETWEEN DESY (GERMANY) AND JINR
HERMES
JINR is taking part in the research programme on spin structure of nucleons.
JINR has developed a new method of reconstruction of structure functions from raw data.
Main results in 1995–1996:
He3
F2 (x, Q2) has been obtained (with statistics ~100 000 events).
HERA-B
Wide B-physics programme.
JINR is taking part in the detector construction (I. Golutvin’s group).
TESLA
A concept of a gg -collider on the linear collider was proposed for the gg -option for TESLA 50.
CONCLUDING REMARK
In my final remark I would like to mention once more that this short review presents only
some general information on the HEP experiments of JINR in efficient cooperation with Russian
research centres and with JINR member states’ industry.
